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The importance of food as a component of the environment is well recog
nized; however, the food habits of many insects, particularly those of the free-
flying forms, are inadequately known. One of the little known habits is that
of the feeding of insects on secretions produced by extrafloral glands. This
aspect of insect biology was studied by the author during the course of inves
tigations on the ecology and control of the melon fly, Dacus cucurbitae
Coquillett. These investigations showed that extrafloral secretions, also re
ferred to as nectar, were important food sources for this fly and that the appli
cation of insecticides to non-host plants including those with extrafloral
glands resulted in a marked reduction in abundance of the melon fly in local
ized areas (Nishida and Bess, 1951, 1957; Nishida, 1954). In addition, these
investigations as well as those conducted subsequently showed that, besides
the melon fly, there were other insects which fed on extrafloral secretions.
This paper presents a summary of the observations on these nectarivorous
insects.
In addition to field observations, one of the important phases in a study of
this type is the identification of the species under observation. For the assist
ance that he received in identification, the author is indebted to Dr. D. Elmo
Hardy and Miss Marian Adachi, Hawaii Agricultural Experiment Station,
University of Hawaii; Mr. Fred Bianchi, Experiment Station, Hawaiian Sugar
Planters' Association; and Mr. Kiyoshi Ito, Pineapple Research Institute
of Hawaii.
Extrafloral Glands and Secretions
Specialized secretory glands, known to produce sugar-like secretions called
nectar, are present within the flower and on other organs of plants (Eames
and McDaniels, 1947). This paper is concerned only with those glands lo
cated outside of the flower and which are thus referred to as extrafloral glands.
These glands, although well known to botanists, have not been studied to
any great extent from an entomological standpoint.
1 Published with the approval of the Director of the Hawaii Agricultural Experiment
Station as Technical Paper No. 410.
380 Proceedings, Hawaiian Entomological Society
Extrafloral glands vary in shape, size, and appearance. In general they are
circular and range from 1 to 4 mm. in diameter. The glands on some plants
are raised wart-like structures, while those on other plants are not raised at all
but can be readily detected by the pale white or greenish color and the smooth
glossy texture of the secretory surface. In addition, there are glands which are
funnel shaped. Some of the glands are small and inconspicuous, but they
produce sizable clear droplets of liquid which are particularly noticeable dur
ing the early morning hours. Some of the typical glands are shown in figure 1.
The common weeds and cultivated plants on which extrafloral glands are
present and the organs on which they are located are given in table 1. The
glands on cattleya orchids, Cattleya spp., are located on the peduncle, one on
the base of each of the three calyces. On the cotton plant, Gossypium barba-
dense L., the glands are present on the peduncle and on each of the three main
veins of the palmately veined leaf. Those on the peduncle are large and are
clearly visible at the bases of the calyces; however, those on the veins are
small and may be seen with difficulty. The small funnel-shaped glands on
wild euphorbia, Euphorbia geniculata Ortega, occur singly on the calyx. Al
though small, these glands are readily seen because they protrude outward
from the upper lateral side of the well developed calyx (fig. 1, D). The glands
on the yellow passion fruit, Passiflora edulis f. flavicarpa Degener, are located
on the petiole and calyx. On the petiole they occur in pairs on the extreme
distal end at the point of attachment of the lamina (fig. 1, A). The glands on
the calyces are small, but may be readily seen on the flower buds (fig. 1, C).
The glands on peach, Prunuspersica L., are usually found in pairs at the distal
end of the petiole. Extrafloral glands are most numerous on castor bean,
Ricinus ccmmunis L., where they are present along the petiole (fig. 1, B), stem,
and axis of the inflorescence. There are also numerous glands along the entire
length of the seed pod of ground orchids, Spathoglottis spp. These glands
are inconspicuous, but they can be readily located when the clear droplets of
nectar are present.
The nutritive value of extrafloral glandular secretions to insects has not
been studied to any great extent. However, on the basis of available informa
tion in the literature it is evident that certain nutrients are present in such
secretions. Clark and Lukefahr (1956) found by use of chromatographic
methods that the extrafloral secretions of the cotton plant contained a num
ber of sugars including sucrose, glucose, fructose, ribose, rhamnose, and
raffinose. These workers reported that no amino acid was detected in the
extrafloral secretions of the cotton plant. A further study on the effect of feed
ing simulated cotton nectar, a mixture of the known sugars found in the
secretion of the cotton plant, on the fecundity and longevity of the pink
bollworm moth, Pectinophora gossypiella (Saunders), was conducted by Luke
fahr (1956). This study showed that there were no significant differences in
fecundity among groups of moths fed on (1) simulated nectar, (2) honey and
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Fig. 1. Extrafloral glands of some common plants. A, a pair of glands on the petiole of
the yellow passion fruit, Passiflora edulis f. flavicarpa Degener; B, glands on the basal region
of the petiole of castor bean, Ricinus communis L.; C, glands on the flower bud of the yellow
passion fruit; and D, glands on wild euphorbia, Euphorbia geniculata Ortega. Note clear
droplets of secretions in figures A, C, and D.
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molasses, and (3) honey, molasses and protein hydrolysate. There were also
no significant differences in longevity among moths fed on these diets. Al
though studies on the nutritive value of secretions produced by Hawaiian
plants have not been conducted, these results suggest that extrafloral glandu
lar secretions do contain substances of nutritional value to insects.
Insects Observed to Feed on Extrafloral Secretions
Although there is variation in the feeding behavior of different species, a
general idea as to the manner in which insects feed on extrafloral secretions
may be obtained from fi gure 2, which shows a group ofmelon flies feeding on
the secretions of the castor bean. When there is a copious flow of secretions
the insects usually remain in their characteristic feeding position for several
minutes. However, when the secretions are scarce they may be seen moving
rapidly from one gland to another. It is also not unusual to see individual
wasps and flies "pecking" at each other presumably to gain access to the glands.
The insects that were observed to feed on extrafloral glandular secretions
and the plants on whose secretions they fed are listed in table 2. Although not
Fig. 2. Melon flies, Dacus cucurbitae Coquillett, feeding on glands of castor bean, Rja'nus
communis L. ;
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Table 1. List of some common plants bearing extrafloral glands and the location of the glands.
Plant
Cattleya spp
Gossypium barbadense L
Euphorbia geniculata Ortega. . .
Passi'flora edulis f.
flavicarpa Degener
Prunus perska (L.)
Ricinus communis L
Spathoglottis spp
Stem
X
Petiole
XXX
Vein
X
Pe
duncle
X
X
Calyx
X
X
Seed
Pod
X
Axis of
Inflor
escence
X
listing an impressive array of insects, this table shows that there are a number
of species that feed on such secretions, an indication of the importance of
extrafloral secretions as a food source for the insects concerned. Included in
the list are 26 species, all in the adult stage, in the orders Orthoptera, Cole-
optera, Hymenoptera, and Diptera.
Very few species in the Orthoptera and Coleoptera were observed to feed
on extrafloral secretions. The only species in the Orthoptera was a grasshop
per, Conocephalus saltator (Saussure), an omnivorous insect known to feed on
soft-bodied insects as well as on plants, and in the Coleoptera, a coccinellid,
Coelophorainaequalis (Fabricius). Neither of these insects was observed to feed
on glandular secretions very frequently, but at times considerable numbers
were found feeding on the secretions of the castor bean. It appears that they
feed on glandular secretions only in times of food scarcity.
The largest number of species found feeding on glandular secretions be
longed to the Hymenoptera. In this order ants were the most abundant and
they were most consistently associated with such glanduliferous plants as
castor bean and passion fruit. Probably because of the aggressive foraging
habits of ants, other insects were rarely seen feeding on the secretions of
plants visited by large numbers of ants. The remaining species in the Hy
menoptera were, with the exception of the honey bee, Apis mellifera L., either
parasitic or predaceous. In general the food habits of the immature stages of
these insects are known, but those of the adult stages are inadequately known.
To what extent the adults depend upon extrafloral glandular secretions as a
food source is not known.
In the Diptera only a few species were observed to feed on extrafloral se
cretions. The melon fly, Dacus cucurbitae Coquillett, and the oriental fruit fly,
Dacus dorsalis Handel, two species of economic importance, were most fre
quently observeld to be associated with such plants as castor bean, wild
euphorbia, and the cultivated passion fruit. It was indeed a surprise not to
find the Mediterranean fruit fly, Ceratitis capitata Wiedemann, feeding on
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Table 2. Adult insects observed feeding on extrafloral glandular secretions and the plants
on whose secretions the respective insects were observed to feed.
INSECTS Cattleyaspp.
X
X
X
Euphorbiagenie
X
X
X
X
X
X
X
X
X
X
1Gossypiumbarbc
X
X
PassifloraedulisXXXX
X
X
X
X
X
X
X
1
PrunuspersicaXX Ricinusomm n iXXXXXXXXX
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
Orthoptera
Tettigoniidae
Conocephalus saltator (Saussure)
Coleoptera
Coccinellidae
Coelophora inaequalis (Fabricius)
Hymenoptera
Formicidae
Cardiocondyla nuda Mayr
Iridomyrmex humilis Mayr
Monomorium minutum Mayr
Pheidole megacephala (Fabricius)
Plagiolepis mactavishi Wheeler
Solenopsis geminata rufa
Apidae
Apis mellifera L
Megachilidae
Megachile schauinslandi Alfken
Crabronidae
Nesocrabro sp
Ampulicidae
Ampulex compressa (Fabricius)
Vespidae
Polistes exclamans exclamans Viereck
P. fuscatus var. aurifer (Saussure)
P. macaensis (Fabricius)
P. olivaceus DeGeer
Evaniidae
Evania appendigaster L
Ichneumonidae
Enicospilus hawaiiensis (Ashmead)
Idechthis canescens (Gravenhorst)....
Braconidae
Opius oophilus Fullaway
Apanteles trifasciatus Muesebeck.. . .
Diptera
Syrphidae
Eristalis arvorum (Fabricius)
Tephritidae
Dacus cucurbitae Coquillett
Dacus dorsalis Hendel
Muscidae
Musca domestica L
Calliphoridae
Phoenicia sericata (Meigen)
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extrafloral secretions. Observations made in the areas of Kula, Maui, and
Kona, Hawaii, where this fly occurs, showed that not a single fly was present
on castor bean even though this plant was fairly common.
In addition to the insects listed in table 2, other insects, particularly small
Diptera and Hymenoptera, were also observed on plants with extrafloral
glands. It is probable that these insects also feed on glandular secretions;
however, because they were not actually observed to feed, they were not
included in the list.
Discussion
The observations reported in this paper show that there are a number of
insects that feed on extrafloral glandular secretions. The question immediately
arises as to whether the insects imbibe this liquid to obtain water or nutrients.
This question cannot be answered on the basis of the present study, for al
though these secretions have been shown to have nutritive value (Lukefahr
1956) they also contain a high percentage of water. However, regardless of
whether the insects obtain water or nutrients, or both, it seems quite evident
that these secretions play an important role in the biology of the insects
concerned.
It appears from the data presented in table 2 that some insects fed on the
secretions of a few plants, while others fed on the secretions of a number of
plants; thus one is tempted to conclude that there is a specificity on the part
of the insects concerned to secretions produced by certain plants. However,
such a conclusion is not warranted because the information presented was
obtained from a few isolated plants in many cases and from widely scattered
areas under diverse ecological situations.
On the basis of the observations reported in this paper it is possible to
present a partial explanation for the close insect-plant relationships frequently
encountered in the field. It is not uncommon, for example, to see numbers of
non-phytophagous insects or the non-phytophagous adult stage of otherwise
phytophagous insects closely associated with certain plants. Although the
reason for this behavior is not entirely clear at the present time, it appears that
the attractiveness to insects of extrafloral glandular secretions is one of the
contributing factors to such an association.
Summary
This paper is concerned with observations on extrafloral secretions as a food
source for certain insects in Hawaii. Among some of the common plants,
extrafloral glands were found to be present on Cattleya orchids, Cattleya spp.;
cotton, Gossypium barbadense L.; wild euphorbia, Euphorbia geniculata Ortega;
yellow passion fruit, Passiflora edulis f. flavicarpa Degener; peach, Prunus
persica L.; castor bean, Ricinus communts L.; and ground orchids, Spathoglottis
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spp. The extrafloral secretions produced by these plants were fed upon by the
adults of 26 species of insects; one each in the Orthoptera and Coleoptera,
19 in the Hymenoptera, and 5 in the Diptera.
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